Abstract: Optical tomography can demonstrate accurate three-dimensional (3D) imaging that recovers the 3D spatial distribution and concentration of the luminescent probes in biological tissues, compared with planar imaging. However, the tomographic approach is extremely difficult to implement due to the complexity in the reconstruction of 3D surface flux distribution from multi-view two dimensional (2D) measurements on the subject surface. To handle this problem, a novel and effective method is proposed in this paper to determine the surface flux distribution from multi-view 2D photographic images acquired by a set of non-contact detectors. The method is validated with comparison experiments involving both regular and irregular surfaces. Reconstruction of the inside probes based on the reconstructed surface flux distribution further demonstrates the potential of the proposed method in its application in optical tomography. 
Introduction
As a promising molecular imaging technology, optical imaging (OI) has been attracting increased attention and been widely applied in many domains in recent years because of its significant advantages in temporal resolution, imaging contrast and sensibility, no ionizing radiation and cost-effectiveness [1] [2] [3] . In particular, optical tomography has become a valuable tool for the biomedical imaging field, since it is a noninvasive imaging technique that is capable of three-dimensionally recovering the location and concentration of the luminescent probe inside a small living animal from surface measurements of the transmitted light flux [4] [5] [6] . Among the various optical tomography modalities, fluorescence molecular tomography [6] and bioluminescence tomography [3, 7] have developed rapidly and become research focuses over the past years because of their excellent performance, which can recover the spatial distribution of the concentration of targeted cells for tracking tumor cells, stem cells, immune cells and bacteria as well as for imaging gene expression [2, [5] [6] [7] .
In contrast to planar imaging, optical tomography can recover the three-dimensional (3D) spatial distribution information of luminescent probes inside the animals, specifically their location and emission powers, from measurements taken on the surface of the body. The measured surface signals are incorporated into a tomographic procedure written as a linear system of equations which are solved for the unknown, 3D spatial distribution of the internal luminescent probes [8] [9] [10] [11] [12] [13] [14] [15] . In order to measure the light flux traversing the surface, the ideal experimental setup would be such that the detectors are not in contact with the body surface. Such non-contact detection system offers simple experimental procedures and enables multiview tomographic projections. Some algorithms have been developed to model free-space propagation of diffuse photon flux from a body surface with arbitrary shape to a set of noncontact detectors [16] [17] [18] [19] . Uniform frameworks have also been developed to recover the internal target directly using two-dimensional (2D) photographic images [20, 21] . In addition, a simple method has been proposed to establish a relationship of diffuse photon flux between the non-contact detectors and the body surface in the case of small numerical aperture measurement [22] , which is under the assumption that a one-to-one mapping exists between the non-contact detectors and the body surface. However, an effective and practical method is lacking that reconstructs photon flux on a body surface of arbitrary shape from the measurements on a set of non-contact detectors, which is a procedure necessary in practical applications of optical tomography.
In this paper, we propose a novel and effective method that reconstructs photon flux on a body surface of arbitrary shape accurately from multi-view 2D photographic images measured by a CCD camera. Taking an example from the principle of optical path reversibility and the ideology of reciprocity theorem between sources and detectors, this method assumes that each pixel unit of the photographic images captured by the CCD camera is viewed as a Lambertian source. As a result, an analytical expression which accounts for this type of free-space light propagation is addressed from radiosity theory based on the Lambertian source approximation [23] and integrated with the radiance theorem described in literature [19] . Particularly, the introduction of the virtual detector plane and the lens-dependent visibility factor contributes to construct a specific relationship between the non-contact detectors and the body surface, which facilitates to eliminate the influence of overlapping adjacent projection images. The performance of the proposed method is demonstrated with comparison experiments involving both regularly and mouse-shaped phantoms. Finally, the potential of this approach to improve the current status of optical tomography is further discussed.
Theory and method

Lambertian source theory
In order to model the angular distribution of diffuse light on exiting a diffusive medium, a common theory employed is to assume a Lambertian source distribution of light when traveling in free-space [24] . A Lambertian source is such that irradiates isotropically into the surrounding space. Following this approximation, the differential power ( ) Fig. 1 . 
Surface flux reconstruction algorithm
Reconstruction of 3D surface flux distribution is achieved by employing a novel and practical theoretic expression to depict the corresponding relationship between the 2D flux density map captured by a non-contact CCD camera and 3D flux distribution on the body surface, and by capitalizing on computed tomography techniques to accurately register the surface of arbitrary geometries. The theoretic expression employed here is derived under the assumptions that the surface of arbitrary geometries and the corresponding multi-view photographic images at the CCD camera have been obtained. The surface of arbitrary geometries is reconstructed using an X-ray computed tomography (CT) system employing the FDK algorithm, a reconstruction algorithm for 3D cone beam CT developed by Feldkamp, Davis and Kress [26] . In particular, multi-view 2D photographic images should be registered onto the coordinate system of the reconstructed surface before the reconstruction of surface flux distribution is performed. Moreover, taking examples from the principle of optical path reversibility and the reciprocity theorem, we assume that each pixel unit in the photographic images registered at the CCD camera acts as a Lambertian source irradiating the body's surface. Thus, corresponding relationship between the 2D flux density map at the CCD camera and the 3D flux distribution on the body surface satisfies the transport characteristic of a Lambertian source. In addition, the concept of a virtual detector plane [16] , which would be the focal plane of the objective of the CCD camera, is introduced as a transit station in the process of surface flux reconstruction to relate the CCD camera's measurement and the reconstructed arbitrary surface. Figure 2 illustrates the reconstruction procedure of 3D surface flux distribution. Firstly, the non-contact detection system is modeled as a simple optical system which is comprised of two components: a simplified thin-lens and a CCD camera plane, using the simplification theory of an imaging objective [19] , where the focal plane of the CCD camera plane is selected as the virtual detector plane [27] . Secondly, light flux at the CCD camera plane is mapped onto the corresponding virtual detector plane based on the radiance theorem which states that radiance is conserved through a loss-less optical system [19] . Thirdly, the corresponding relationship of points between the virtual detector plane and the body surface is established with the help of a visibility factor which is relevant to the simplified thin-lens. Merging with the visibility factor, the flux at the surface of the body is finally determined based on the Lambertian source theory presented in Eq. (1). In conclusion, given the multiview 2D photographic images, the reconstructed surface of arbitrary geometries and the imaging information of non-contact detection system, the flux density of any point at the surface of the body can be calculated using the following equation:
where Ω is detection space constructed by the CCD camera; ( ) J r is flux density of point r at the surface of the body; ( ) d B r is gray-scale value of point d r in the detection space Ω ; ℜ is a conversion factor that converts the gray-scale value into the corresponding flux based on the intrinsic properties of the camera:
where Θ is a specific value relevant to CCD camera and defined as a ratio of electron number corresponding to full well over maximum value of gray-scale in the photographic image; Q is quantum efficiency of the CCD camera; p t is the exposure time for acquiring each image; 0 E is the unit photon energy and can be calculated as follows:
where h is the Planck constant; c and λ are the velocity and wavelength of light registered at the CCD camera. In Eq. (2), a transfer function that accounts for the relationship of energy transformation from the plane of the CCD camera to the body surface has been introduced: ξ r r is a visibility factor that discards the detection points not visible from the surface and depends on the camera lens; t is magnification ratio of the non-contact detection system; u denotes an object distance between the virtual detector plane and the simplified thin-lens; f is the focal length of the camera lens;
r is a conjugated point of d r at the virtual detector plane and satisfies the lens law with r to r and the normal vector of the surface or virtual detector point, respectively. The physical significance of the parameters is shown in Fig. 2 . It should be noted that it is distinctly important to accurately determine the position and size of the virtual detector plane for achieving the most approximate reconstructed flux distribution, which can be determined according to the simplified theory of the camera lens presented in literature [19] .
Algorithm 1 Implementation flowchart for light flux reconstruction on arbitrary surfaces
Require: Optical measurements, 3D surface of subject and information of optical system.
1: Preprocess the optical measurements and co-register with subject's surface.
2: Discretize the subject's surface and obtain the number of differential surface unit M .
3: Discretize the CCD camera plane and obtain the total number N . 
16: end if
17: end for
18: end for Equation (2) is a generalized formula for depicting the reconstructed flux density of a surface point from multi-view 2D photographic images registered at the CCD camera. Integrating Eq. (2) over the whole body surface, we obtain the following analytical expression for accurately determining the reconstructed flux distribution on the whole body surface:
To solve the above integral equation, discretization of the whole body surface and of the CCD camera plane is needed. Thus, the analytical expression presented in Eq. (6) is rewritten as the following matrix form:
where the components of the matrix A and the vectors , J B are defined as:
A r r B r (8) where 1 i M ≤ ≤ and 1 j N ≤ ≤ ; M is the number of discrete elements on the body surface and N is the number of discrete elements at the CCD camera. Solving Eq. (7), we can obtain the 3D flux distribution on the whole body surface.
To sum up, the implementation flowchart for the proposed algorithm is decomposed into pseudo-code form and presented in Algorithm 1.
Experiments and results
To evaluate the performance of the proposed method, comparison experiments took place, including the measurements of regularly and mouse-shaped phantoms in order to recover the 3D distribution of the surface flux. Furthermore, an in vivo small animal imaging experiment was also performed to illustrate the potential of the proposed method in the application of optical tomography. For experimental measurements, multi-view 2D photographic images and anatomic structure of the subjects under study were acquired by a dual-modality ZKKS-Direct 3D molecular imaging system (jointly developed by Guangzhou Zhongke Kaisheng Medical Technology CO., Ltd and Xidian University), as shown in Fig. 3 . The OI system consists of a liquid-cooled back-illuminated CCD camera (Princeton Instruments/Acton 2048B) coupled to a Micro camera lens (Micro-Nikkor 55 mm, f/2.8) to acquire the multi-view 2D photographic images of light emitted from the surface of subjects under study. The micro CT system integrates an X-ray tube (Oxford Instruments, series 5000) and a flat panel sensor (Hamamatsu, C7921CA-02) to obtain high-quality 3D anatomic structure using an accelerated FDK reconstruction algorithm [28] . To avoid anatomical deformation of the subjects during the experiments, the two systems are orthogonally mounted around the imaging holder that is fixed onto a computer controlled rotation stage. 
Experiment verifications based on phantoms
Two groups of imaging experiments were carried out to validate the accuracy of the proposed algorithm in this subsection. In the experiments, two different kinds of surfaces were employed, namely a cubic or cylindrical phantom (the 'regular' surface from now on) and a mouse-shaped phantom (termed the 'irregular' surface from now on). All of the phantoms utilized in the experiments were made of nylon. To simulate the luminescent light source, a fluorescent solution extracted from a red luminescent light stick (Glowproducts) was injected into the phantom. The peak wavelength of the luminescence light generated by this luminescent solution is approximately 650 nm, whereas the optical properties of the phantom used were measured at 660 nm by a time-correlated single photon counting system [29] . The absorption coefficient was found to be To validate the reconstructed flux distribution on the phantom surface, a software platform of Molecular Optical Simulation Environment (MOSE) was also employed to obtain the flux distribution on the phantom surface and its simulation results were compared with the reconstructed results of the proposed method. MOSE, which is based on the Monte Carlo method to simulate light propagation in turbid media, is currently under development and regularly being updated. This software can be freely accessed and downloaded on the web site: http://www.mosetm.net. Sufficient experiments have demonstrated that the light flux on the phantom surface simulated by MOSE can served as a standard to evaluate the accuracy of the reconstruction results [30] .
Regular surface flux reconstruction
Two different phantoms were designed to evaluate the performance of the proposed method in the case of regular surface, including a cubic phantom and a cylindrical phantom. In order to better scale the discrepancy between the reconstructed and simulated flux, the mean error (ME) and the correlation factor (CF) are introduced:
| / , and
where e and ρ are the value of ME and CF, respectively; the superscript rec represents the flux reconstructed by the proposed method and sim the simulated flux of MOSE; P and σ are the mean value and standard deviation of the flux that can be either rec P or sim P ; N is the total sample number on the phantom surface and i represents the ith sample. The CF indicates the degree of correlation between the reconstructed and simulated flux while the ME describes the discrepancy of them. Accordingly, the closer CF gets to unity, and the closer ME gets to zero, the better the performance of the proposed method is.
Cubic phantom experiment
In the cubic phantom experiment, a homogenous phantom of 45 mm in lateral dimension was utilized. One small hole of 2.95 mm radius and 25.2 mm depth from the top surface was drilled at the center of the phantom in order to place the flourophore, as shown in Fig. 4 . Luminescent solutions of 150 l µ volume were injected into the small hole, which forms a light source of 5.4 mm height. After implanting the light source, the rest of the small hole was filled with a solid piece of the same material so as to avoid light leakage. After that, the cubic phantom was mounted on a 360° rotation stage. By rotating the phantom a complete 360°, four views of 2D photographic images were acquired for the surface flux recovery while the anatomical structure of the cubic phantom was obtained by the aforementioned dual-modality OI/micro CT system. Since the light source is located at the center of the phantom, the four views of the photographic images yielded the same light flux distribution. Therefore, one of the images, 90° view in this experiment, was selected to reconstruct the flux distribution, as shown in Fig. 5(a) . In this figure, the phantom holder mounted on the rotation stage can be seen at the bottom of the image. Reconstruction of flux distribution on the selected surface of the phantom is shown in Fig.  5 (c) . Figure 5 (b) depicts the corresponding simulated result of MOSE. Both the reconstruction and simulation were based on the same density of mesh which consisted of 12288 triangular elements and 35937 nodes. Similar tendency and good agreement were observed in this case. In particular, the reconstructed flux distribution performed well in accordance with the photographic image acquired by the OI system due to the flat characteristics of the phantom surface. As an example, we are also able to recover the position of phantom holder previously mentioned (see the bottom of Fig. 5(c) ). However, there was a slight difference between the reconstructed and simulated flux distribution, which might be caused by the non-uniformity of the cubic phantom. In the simulation of MOSE, we made an assumption that the experimental setup was absolutely ideal, assuming a uniformity of the optical properties and the accurate position and size of the light source. A comparison of the curves of the results reconstructed by the proposed method and simulated by MOSE or measured by CCD camera is shown in Fig. 6 . Figure 6 (a)-(c) present the comparisons between the reconstructed flux and the measured data and Fig. 6(d)-(f) show the comparisons between the reconstructed and simulated flux. In these figures, the solid lines represent the simulated results or the measured data while the asterisks show the reconstructed flux of the proposed method. From Fig. 6 , we also find that the reconstructed flux was more consistent with the measured data than the simulated results. Although the reconstructed flux exhibits slightly less intensity around the peak of the curves in Fig. 6 (e) and (f), the ME and CF still show the conformity between the reconstructed flux and the simulated results, as listed in Table 1 .
Comparison of the results indicated that the proposed method performed very well in the reconstruction of flux distribution on the flat surface in the case of the cubic phantom. Fig. 7(a) . A luminescent light source of 4 mm height and 1 mm radius was embedded into the phantom with its center at (9, 0, 0), as shown in Fig. 7(c) . After the cylinder phantom was mounted on the rotation stage and rotated a complete 360°, four equally spaced views 2D photographic images and the corresponding anatomical structure were acquired utilizing the aforementioned dual-modality OI/micro CT system. Figure 7 (b) presents the diagram of four different perspectives and the corresponding measured four-view 2D photographic images are shown in Fig. 8(a)-(d) . Using these measurements, a 3D flux distribution on the phantom surface was reconstructed using the proposed method. To examine how the reconstructed flux distribution was affected by the number of images used in the reconstruction, we reconstructed the flux distribution on the phantom surface using one, two, three and four-view images, respectively. Comparisons between the reconstructed and simulated flux distribution are shown in Fig. 9(a)-(l) . Similarly, all of the results presented in Fig. 9 were based on the same density of mesh that consisted of 259200 elements. Table 2 . Similar tendency and good agreement between them are observed in the cases examined. From Fig. 9 , some interesting results are summarized. Firstly, we find that the reconstructed flux seems slightly sparse around the peak value of the curves, which are intrinsically caused by the inadequate discretization of phantom surface. If the discretization of the phantom surface is refined sufficiently, the reconstructed flux distribution would be smoother. Figure 10 (a)-(c) present the fact that the smoothness of the results changed better with the increase of mesh density. Secondly, the reconstructed flux is slightly lower in intensity than the simulated results of MOSE around the valley of the curves. This is mainly caused by the insufficient measurements (projections) in the experiment. If more photographic images were acquired at different projections during the experiment and included in the reconstruction, the more accurate the reconstructed surface flux would be. Thirdly, the reconstructed flux gets to be closer to the simulated results as the image number increases, as shown in Fig. 9 . In order to compare the effect of the number of projections used, Fig. 10(d) shows the logarithm of the reconstructed and the simulated flux at the central height of the phantom, which shows the improvement of the reconstructed flux more clearly as the number of projections used increases. A similar variation trend also can be seen in Table 2 . By increasing the image number, the ME turns to be smaller and the CF gets to be closer to unity. Lastly, the errors are tolerable for practical applications in all the cases examined. From the error comparisons listed in Table 2 , we conclude that one single photographic view is sufficient to reconstruct the surface flux distribution in this experiment, with the ME less than 0.03. As a result, an interesting and useful conclusion can be addressed that a practical reconstructed flux distribution can be achieved using one or some of acquired view images if the intensities of these images are significantly larger than others, such as the case presented in this experiment. As expected, the proposed method worked well in the reconstruction of flux distribution on the curved surface in the case of the cylindrical phantom, using different numbers of photographic images. 
Irregular surface flux reconstruction
To demonstrate the capability of the proposed method in the reconstruction of 3D surface flux distribution in the case of irregular surface, a mouse shaped phantom was designed and used to conduct the comparison experiment, as shown in Fig. 12(a) . Similar to the two cases previously described, a small hole of 1.5 mm in radius was drilled at the head of the mouse phantom to locate the light source where luminescent solutions of 20 l µ volume were injected. The dimensions of the light source were 3 mm in diameter and 2.8 mm in height with its center at (20.80, 19.52, 20.80) mm, dimensions which were obtained by the micro-CT system. After the mouse shape phantom was mounted on the rotation stage and rotated a complete 360°, the photographic images from the ventral, left lateral, dorsal and right lateral views of the mouse phantom and the corresponding CT images were acquired using our dualmodality OI/micro CT system. Using the software Amira TM (Mercury Computer Systems, MA), the surface structure of the mouse phantom used in the reconstruction was extracted from the anatomical structure which was reconstructed from the CT images using the FDK algorithm. Figure 11(a)-(d) shows the four views of the photographic images normalized to their maximum intensity. In addition, four acquisition views of the mouse phantom were also acquired to be used for registering the photographic images onto the coordinate system of the extracted surface structure. Fig. 7(a) , (d)-(f) Reconstruction using two adjacent views photographic images shown in Fig. 7(a) and (b) , (g)-(i) Reconstruction using three photographic images shown in Fig. 7(a), (b) and (c), (j)-(l) Reconstruction using four views photographic images shown in Fig. 7 Using the extracted surface structure and four views that have been registered to the coordinate system of the surface structure, we reconstructed the surface flux distribution utilizing the method proposed in this work and obtained the simulated flux using the platform of MOSE, as shown in Fig. 12 . Figure 12(a) describes the mouse shaped phantom adopted in the experiment; Fig. 12(b) shows the simulated flux distribution and the corresponding calculated results are shown in Fig. 12(c) . Both the reconstructed and simulated fluxes were based on the same density of mesh that consisted of 50000 triangular elements and 25002 nodes. Moreover, results for three different detector z positions: z = 13 mm, z = 17 mm, and z = 21 mm were examined. Figure 12(d)-(f) shows plots of the light flux normalized to the maximum value versus the complete 360° detection positions. The solid lines show the simulated flux of MOSE and the asterisks represent the reconstructed flux of the proposed method. From Fig. 12 , a similar tendency and comparable distribution between the simulated and reconstructed flux are observed, with the average ME and CF being about 0.0537 and 0.9034. However, a bigger discrepancy between them can also be found in this experiment. This might be caused by several reasons. Firstly, we employed a mouse shape phantom with arbitrary geometries and irregular surface in this experiment so that the surface structure was more complicated than that in the regular surface experiment. The complicated and irregular surface induced the inaccuracy of the registering results between the 2D photographic images and the surface structure. Poor registering results would lead to poor reconstruction of the surface flux distribution. Secondly, the non-uniformity of the phantom material performed greater influence on the reconstruction of the surface flux distribution in this experiment due to the irregularity and complexity of phantom surface. Lastly, the information loss in the acquisition of photographic images led to the reconstructed flux distribution smaller and more convergent than the simulated results, as shown in Fig. 12(b) and (c) . If more photographic images were acquired and employed in the reconstruction, the reconstructed flux distribution would be significantly improved. In order to further illustrate the effectiveness of the reconstructed surface flux distribution, we recovered the light source using both the reconstructed and the simulated flux distributions, respectively. Except the surface flux distribution, the other parameters for reconstruction were identical in both cases. In order to retrieve the position and intensity of the light source, the phantom domain was discretized to a tetrahedral mesh that consisted of 18341 tetrahedral elements and 3916 nodes and a potential permissible source region was set as {( , , ) | 18 24,10 25,19 22} x y z x y z < < < < < < according to the flux distribution on the phantom surface. Employing the self-developed adaptive hp finite element method (hp-FEM) [31] , the source positions were accurately recovered. Figure 13 presents the recovered results of source positions, where Fig. 13(a) gives the recovered light source using the simulated flux and the recovered result using the reconstructed flux is shown in Fig. 13(b) . The red cylinders represent the actual sources determined by the CT images and the small domains beside the cylinders express the recovered sources. From Fig. 13 , we find that the recovered sources approach the actual ones well in both cases. In the case of using the reconstructed surface flux distribution, the recovered source position is (19.66, 20.30, 20.93) , which is 1.39 mm away from the actual source, i.e. in the order of one transport mean free path. For the simulated results, the recovered source position is (20.01 20.29 21.86), with a distance of 1.53 mm from the actual one, which is a bit worse than the result using the reconstructed surface flux. As a result, the reconstructed flux is effective and can be comparable to the simulated flux of MOSE in the light source recovery. The comparison results presented in this experiment evinced that the proposed method is capable of reconstructing the flux distribution on a complicated and irregular surface and overall exhibits excellent performance.
In vivo imaging experiment
To further study the potential of the proposed method in the application of optical tomography, an in vivo imaging experiment of a living mouse with an implanted light source was conducted. This experiment was designed to examine the ability to recover the internal light source in a heterogeneous mouse model using a reconstructed surface flux distribution. In the experiment, a living mouse was used to construct the heterogeneous mouse model. A luminescent catheter, which was filled with the fluorescent solution mentioned previously was used as the internal light source. The dimensions of the catheter were 1.4 mm in diameter and 4.5 mm in length. Prior to performing the experiment, the mouse was anesthetized and the catheter was implanted into the epigastric torso of the mouse. Photographic images of the light flux distribution and reference white-light images were both acquired from the ventral, left lateral, dorsal and right lateral of the living mouse by the aforementioned dual-modality OI/micro CT system. The exposure time was set as 1.5 min. Based on the micro-CT images acquired from the complete 360° projections, the surface and volumetric mesh utilized in the reconstruction were generated using Amira. They contained 4,000 triangle meshes, 4,975 nodes and 27,092 tetrahedral elements. Under the precondition that the photographs had been registered to the coordinate system of the triangle meshes, which was realized by registering 2D planar images to 3D space of CT images based on some labeled markers [32] , the flux distribution on the mouse surface was reconstructed using the proposed method and presented in Fig. 14 . From the micro-CT images, the catheter source can be clearly identified, as shown in Fig. 15 . Using the reconstructed surface flux distribution, we recovered the internal catheter source based on the heterogeneous mouse model utilizing the hp-FEM. In order to construct the heterogeneous mouse model, several main organs, such as adipose, heart, lungs, liver and kidneys were segmented from micro-CT images using a combination method of threshold and interactive segmentation, and the corresponding optical properties were calculated according to the literature [33] and listed in Table 3 . The recovered position of the catheter source is shown in Fig. 15 , where Fig. 15(a) presents the 3D view of the recovered result and the corresponding coronal, axial and sagittal views are shown in Fig. 15(b)-(d) . The actual central position of the internal catheter source measured via CT reconstruction is at (29.28, 22.28, 26 .64) mm and the corresponding recovered central position is (30.136, 21.7582, 26.3759) mm, with a distance error being 1.0367 mm. This study experiment showed that the proposed method provides a reconstructed surface flux distribution which enables accurately recovering the internal light source in an optical tomography application. In the present study, the light source intensity and the instrument factors were not calibrated; however, the possibility to converts them to absolute concentration units is currently pursued by integrating a calibration procedure into our non-contact detection system for which work is ongoing. 
Discussion and conclusion
We have developed a novel and practical method for 3D flux reconstruction of arbitrarily shaped surface from multi-view 2D photographic images. Reconstructed results for both regular and irregular surfaces have been illustrated. Comparisons with simulated results obtained from the platform of Molecular Optical Simulation Environment (MOSE) have demonstrated the accuracy and effectiveness of the proposed method. Furthermore, the potential of the method in its application on optical tomography is illustrated by a qualitative study of the source reconstruction experiment as well, in which the position of the internal implanted source is accurately recovered based on the reconstructed surface flux distribution using appropriate algorithms. However, there are several deficiencies required that need to be improved. Firstly, the surface of the subject under study has to be discretized adequately to obtain a smooth reconstructed flux distribution, which will lead to a high computational cost. Secondly, use of more projection views from the photographic images employed in the reconstruction will improve the quality of the reconstructed surface flux distribution. However, by including additional projections superposition between two adjacent images must be accounted for. Lastly, quantitative reconstruction (for example for bioluminescent sources) is still lacking in this approach both for the reconstruction of the surface flux and for the internal light source, since they are obviously directly related.
Overall, we believed that this approach will expose the complete projection imaging and the tomographic potential of optical tomography as applied to in vivo small animal imaging. These preliminary results show that the proposed method is of great potential and will prove crucial in the field of tomographic imaging if quantitation and high resolution is pursued. Further study will concentrate on the acceleration of the proposed method, the elimination of superposition problem caused by an increase in the number of images and the quantitative reconstruction of surface flux distribution. 
